A formula to estimate heart weight was derived using a theory of quantification which employed the measurements of cardiac silhouette taken from routine postero-anterior projection chest X-ray film. The films obtained in 73 necropsied cases of essential hypertension, renal hypertension, mitral and aortic valvular diseases, and 62 necropsied cases with other diseases were used for derivation of the formula. The measurements of the horizontal distances from the midsternal line to the intersecting point of the lower margin of each rib along the left cardiac border, and of the greatest distance along the right cardiac border were employed; body height, age and sex were also included.
SUMMARY
A formula to estimate heart weight was derived using a theory of quantification which employed the measurements of cardiac silhouette taken from routine postero-anterior projection chest X-ray film. The films obtained in 73 necropsied cases of essential hypertension, renal hypertension, mitral and aortic valvular diseases, and 62 necropsied cases with other diseases were used for derivation of the formula. The measurements of the horizontal distances from the midsternal line to the intersecting point of the lower margin of each rib along the left cardiac border, and of the greatest distance along the right cardiac border were employed; body height, age and sex were also included.
The heart weight estimated by this formula coincided with the heart weight measured at necropsy with a high correlation coefficient of 0.81. The correlation rate in 34 external samples was also significantly high, being 0.72. These results indicate the practical usefulness of this formula. 
SUBJECTS AND METHODS
One hundred and thirty-five necropsied cases in our department, in which roentgenograms had been taken within 3 months prior to death, were used for the study. They consisted of 15 cases of essential hypertension, 19 cases of renal hypertension, 19 cases of mitral valvular disease, 20 cases of aortic valvular disease, and 62 cases of other diseases. Eighty-six cases were male and 49 were female, with the age ranging from 15 to 85 years. For the criteria of hypertension, systolic pressure of more than 160mmHg and/or diastolic pressure of more than 90mmHg were used. All cases of renal hypertension were accompanied by chronic renal insufficiency.
Theory of quantification:
The purpose of our study is to estimate the heart weight from the measurements of the cardiac silhouette. Since these measurements may not always be in linear relationship with the heart weight, effective results cannot always be obtained if the traditional method of linear regression analysis is employed.
The theory of quantification developed by Hayashi is applicable even to cases with non-linear relationships. According to this theory, the measurements (items) should be classified into several categories, and the numerical value to be given to each category is determined so as to meet the purpose most efficiently. The purpose in our study, for example, was to estimate the heart weight as accurately as possible. The sum of these values thus obtained will correspond to the estimated heart weight.
In more detail, we employ the transverse diameter of the cardiac silhouette as one of the parameters for the estimation of heart weight in this study. The values of this diameter obtained in a group of patients will be distributed over a considerable range. In the theory of quantification, this range should be divided into several sections, i.e. categories. Then the value of the transverse diameter in case i belongs to one of the categories (category k) of an item j (transverse diameter). Our purpose is to find xjk, a numerical value given to category k of item j, which makes the total of xjk as close as possible to the actual heart weight in case i.
This means that the estimated heart weight is expressed by the equation ƒ¿i=ƒ°iƒ°kƒÂi(jk)xjk (1) where ƒÂi(jk)=1, when case i corresponds to category k in item j; otherwise, ƒÂi(jk)=0 and the correlation coefficient ƒÏ between the estimated and the actual heart weights is expressed as below (n is the number of cases), Since no characteristic relationships were observed between each measurement and the actual weight in each individual disease group, we did not take the difference in diseases into consideration in estimating the heart weight. To obtain the estimated heart weight, if the value of b3, for example, is between 4.21 and 5.62cm, the quantity 1.7 indicated in category (2) is substituted in the estimation formula shown on the bottom.
The sum of the quantities substituted into the corresponding itemcategories gives the estimated heart weight.
4.
Comparison of the estimated heart weight with the heart weight measured at necropsy:
As shown in Fig. 3 , a highly significant correlation of 0.81 was obtained between the estimated heart weight and the actually measured heart weight at necropsy in 135 cases.
There were exceptions in only 30 cases, as seen in Table III 5. Estimation of the heart weight in the external samples: Fig. 4 shows the correlation for external samples between the estimated and the actual heart weights in 34 successive necropsied cases, including 13 cases with organic heart diseases, such as myocardial infarction, congenital, and acquired valvular heart diseases. As illustrated in this figure, a statistically significant correlation of 0.72 was observed. 6. Correlation between the cardiothoracic ratio and the actual heart weight:
Correlation between the cardiothoracic ratio and the actual heart weight was also examined in the 135 cases which were used for the derivation of the formula. The correlation coefficient was statistically significant, as seen in 
DISCUSSION
Estimation of the heart weight from the roentgenographic cardiac silhouette: Although both the heart volume and the heart weight are regarded as indicating the size of heart, their clinical significance is not identical in the strict sense. In daily practice, however, we regard the larger heart as heavier and usually do not distinguish strictly between the heart size and the heart weight.
In addition to the cardiothoracic ratio, which is regarded as the simplest index for the heart size commonly employed, various methods for the evaluation of cardiac volume or cardiac surface area have been proposed using formulae or nomograms concerning the cardiac silhouette.5)-8) A method for the automatic formation of 3-dimensional real size image of the heart through the combination of real size figures obtained from several different projections9),10) has also been presented.
We11) have also reported a method for the automatic estimation of heart volume using chest X-ray films taken in 6 projections.
More precise estimation of the heart volume may be expected to be available through the use of the recently developed ACTAscanner.12)
Since in the above-mentioned methods, however, some arbitrary factors are liable to be contained in the measurements or a large expensive equipment is often required, they cannot be considered sufficiently accurate and efficient at the present stage.
In our study, the heart weight was employed instead of the heart volume because the former is not only considered to be the more useful information as described above, but is regarded at necropsy as being a more important measurement than heart volume. Problems in the measurement of the cardiac silhouette: In order to measure the cardiac silhouette, it is desirable to use a roent-genogram taken under fixed conditions of respiration and cardiac cycle. In daily clinical practice, however, use of routine chest X-ray films is more convenient. According to Kjellberg et al, 17) no difference was observed in the cardiac silhouette between inspiration and expiration, nor was there any difference in cardiac volume between the systolic and the diastolic phases except in the cases of bradycardia. Moreover, in the automatic estimation of heart volume using AMDCOX (Automatic Measurement by Densitometry-Computer System of X-ray), which we have developed,11) we did not find any difference between the heart volume in systole and diastole. Cooley et al18) and Hilbish19) reported similar results.
Body constitution, body height, body weight, and chest diameter should be taken into consideration for the estimation of heart weight. Smith20) reported that a significant correlation existed between heart weight and body weight at necropsy, and Ludwig21) described the presence of a high correlation between the heart volume and body weight or chest diameter. In our study the correlation of heart weight with body height, body weight, and chest diameter were not significant, r being 0.31, 0.14, 0.24, respectively.
Because body height is, however, not so strongly influenced by the course of diseases, we included body height in addition to age and sex in our calculation.
Evaluation of the results of estimation with our formula: The estimation formula derived by us is very simple and does not require complex calculation.
Only the horizontal distances from the intersecting points of the cardiac border with the lower margin of each rib to the midsternal line are used. Nevertheless, the heart weight estimated coincided quite closely with the actual heart weight measured at necropsy, showing a very high correlation coefficient of 0.81. The high correlation coefficient of 0.72 was also obtained in 34 external samples, indicating the practical usefulness of this method.
These results were compared with the correlation coefficient between the cardiothoracic ratio and the actual heart weight measured at necropsy in these 135 cases. The correlation was inferior to the results obtained by our estimation formula, although it was statistically significant. Discussion on the cases where the estimated heart weight differed markedly from the actual heart weight:
In 16 cases the estimated heart weight was larger by more than 100Gm 
